The objective of this study was to evaluate the biometric and bromatological characteristics of Urochloa ruziziensis in due to inoculation times with Azospirillum brasilense in the presence or absence of nitrogen fertilization. To do so it was used a randomized blocks design, with factorial scheme 4 × 2, where the first factor consisted the inoculation periods: control; A. brasilense in the seed; A. brasilense at tillering (aerial) and A. brasilense seed + foliar. The second factor constituted in the presence or absence of nitrogen (1000 mg dm³). Evaluations were made in the first, second and third cut, being evaluated the plant height, number of tillers per plant, leaves dry mass, culm+sheath dry mass; crude protein content, neutral detergent fiber and acid detergent fiber. The use of nitrogen fertilization increased the productive and bromatological parameters in the crop of U. ruziziensis, however, the use of A. brasilense increased only the height of plants, not influencing the other productive characteristics and the bromatological parameters. It is concluded that the use of A. brasilense, regardless the period it was made, presents inconclusive results for biometric and bromatological characteristics of plants of Urochloa ruziziensis in need of further studies, on the other hand, the nitrogen fertilization brings positive effects over the evaluated parameters on U. ruziziensis.
Introduction
The Brazilian farming and cattle-raising system occupies extensive areas, however, most of them have a low soil natural fertility and/or are cultivated without mineral fertilization (Barcellos et al., 2008) , resulting in a low animal support capacity as consequence of the lower biomass production and of forages with low bromatological quality.
The main strategy used to obtain higher productivities and a better pasture quality is in the forage's choice, being preconized those with good adaptability for the cultivation region favoring the plant development even under adverse climatic conditions (Brâncio et al., 2003) . In this context, one of the most used species in Brazil is the Urochloa ruziziensis which stands out due to its huge dry mass production besides presenting satisfactory contents of proteins and fibers, with good adaptation to the soil and weather conditions (Mattos, Gomide, & Huaman, 2005) . However, even using local weather adapted forages, animal stocking rates per unit area are reduced, as a consequence of low investment in soil fertility.
To increase pastures quality and productivity, it is necessary the adoption of practices of fertility management, allowing the plants to remove from the soil all the nutrients it needs in adequate and equilibrate amounts (Costa, Oliveira, & Severino, 2010) . Thus, one alternative to reduce the problems with the low-quality pastures in the farming and cattle-raising system is to use mineral fertilizers, such as the nitrogen (Santini, 2014) .
Nitrogen is the most demanded nutrient by gramineous forage and directly interferes in the plant's photosynthesis by favoring the photo-assimilates production, influencing the growth rates of leaves and roots (Andrade, 1996) . The beneficial effects of nitrogen fertilization over gramineous forage are mentioned by Fagundes et al. (2005) where the supply of nitrogen doses increased the dry mass production of Brachiaria decumbens. Similar results are reported by Rodrigues et al. (2008) , where it was also evidenced increases in the total dry mass production of Brachiaria brizantha, with linear increases as a function of nitrogen doses.
One alternative to help the gramineous forage production system in association with the sustainability of the agricultural system, is by using the inoculation with Azospirillum brasilense. The inoculation with A. brasilense represents a direct effect over pastures, because it provides plant hormones such as auxin, gibberellin and cytokinin which improve the root development, stimulating the absorption of water and nutrients, leading to increases in the productivity and in the pasture quality (Neto et al., 2013) . Besides the already mentioned effects, the inoculation with A. brasilense favors increases in photosynthesis, increasing the chlorophyll foliar contents (Barassi, Coli, & Elliott, 2008) .
Another advantage of the pasture inoculation with A. brasilense is due to the possibility of this technique to partially dispense the mineral nitrogen fertilizer due to a better use of the soil nutrients as the inoculated plants present greater development of the root system allowing greater soil exploration and consequently greater absorption of nutrients, reducing production costs (Magalhães et al., 2011) .
Therefore, the objective of this study was to evaluate the biometric and bromatological characteristics of Urochloa ruziziensis in due to inoculation times with Azospirillum brasilense in the presence or absence of nitrogen fertilization.
Material and Methods
The experiment was conducted into a protected environment with roofs in arc, covered with low density polyethylene film with 150 µ thickness and anti-UV protection, with sides protected with white screen with 40% shading, at the experimental station Professor Dr. Mario César Lopes, located at the coordinates-24°558′ S and 54°045′ W, located at the State University of Western Paraná (UNIOESTE), Marechal Cândido Rondon, Paraná. For the experiment conduction a substrate made by sand and dirt from the horizon A of an Oxisoil was used, in the proportion of three parts of soil to one part of sand, which was homogenized and placed in plastic pots with capacity to 6 dm³ of substrate, being that at the moment when the experiment was installed the substrate presented the chemical characteristics shown at (Table 1) . Table 1 . Chemical and physical characteristics of a substrate proveniente from the mixture of an Oxisol (horizon A) with sand compound in the proportion 3:1, respectively, 2015/2016 Note. OM = Organic matter; CEC = Cation exchange capacity; V = Percent Saturation of Bases; P and K (Mehlich -1 ); Ca, Mg and Al 3+ (KCl 1 mol); Al+H (calcium acetate 0.5 mol L -1 ).
For the fertilization with phosphorus and potassium it was used 300 mg dm -3 of P 2 O 5 as singles superphosphate and 150 mg dm -3 of K 2 O as potassium chloride (Novais, Neves, & Barros, 1991) , before the crop was sowed, with no nitrogen fertilization being made at this moment.
For the experiment conduction it was adopted a randomized block design, in factorial scheme 4 × 2 with five replicates, where the first factor was represented by the inoculation periods with A. brasilense (4 treatments) being: control; A. brasilense in the seed; A. brasilense in tillering (aerial) (15 days after emergence of plants) and A. brasilense in the seed+tiller. The second factor represented the presence or absence of nitrogen fertilization. Plants were evaluated for three cutting periods, which were called first cut, second cut and third cut.
For the crop sowing were used seeds from the specie Urochloa ruziziensis with cultural value of 60%, being conducted two plants per pot. For the treatments which received inoculation with A. brasilense via seed, the inoculation was made in a flux chamber, ensuring the asepsis and the non-contamination by other microorganisms, using 1 mL of commercial inoculant with A. brasilense strains AbV5 and AbV6 in the concentration of 2 × 10 8 CFU mL -1 for each 1000 seeds, being the sowing made around 30 min after the inoculation.
For the treatments in which the inoculation was made at the crop tillering, it was made with a backpack sprayer pressurized with CO 2 , with a 3-meter-wide wand and 6 flat spray nozzles (Magno 11002 ADGA), work pressure of 2.2 bar, flow rate of 250 L ha -1 and application height 0.5 m above the apex of the plants. For the A. brasilense it was used the commercial liquid inoculant strains AbV5 and AbV6, concentration of 2 × 10 8 CFU mL -1 and dose of 0.3 L ha -1 of inoculant, being this application made at nighttime which favors the bacterial survival.
For the plants that received the nitrogen fertilization a dose of 100 mg dm -3 was used, being this application held in installments, providing 500 mg dm -3 at the crop tillering and 250 mg dm -3 , three days after the cut, using urea as nitrogen source (45% nitrogen).
Pots were kept irrigated, with daily reposition of water and the plants were constantly monitored to ensure an adequate development, not being necessary the realization of cultural managements on the U. ruziziensis at 35 days after emergence of plants the first cut was evaluated, the second cut was evaluated 65 days after emergence of plants and the third cut was evaluated 95 days after emergence of plants, being the cuts realized to a height of 15 cm of the substrate surface, for grazing simulation.
For the evaluation of biometric characteristics, first it was determined the plant height (cm), being it considered from the substrate surface up to the tip of the tallest leave. The number of tillers was manually counted, after the forage was cut at 15 cm height. Next plants were separated in leaves and culm+sheat and stored in paper bags which were taken to an air forced circulation oven at 65 ºC for 72 hours, and posteriorly weighed in an analytical scale, for the obtention of leaves dry mass and culm+sheath dry mass, being these values expressed in g plant -1 .
For the determination of the bromatological composition, after plants were dried and determined the dry mass contents, the dry samples of leaves and culm+sheath were homogenized and mowed in a Willey type mower, with a 30-mesh sieve and stored in previously identified plastic bags. In the sequence the crude protein (CP) content was determined according to Aoac (1990) , for the neutral detergent fiber (NDF) and acid detergent fiber (ADF) it was used the methodology proposed by Silva and Queiroz (2006) .
All data was tabulated and submitted to variance analysis for each cut and, when pertinent, means were compared by the Tukey test at 5% of probability.
Results and Discussion
For the biometric variables evaluated during the development of the braquiaria crop, meaningful results were observed for the isolated factors or for its interaction in at least one of the cuts for all the varieties (p ≤ 0.05).
In the first cut the plant height parameter was not significantly influenced by the studied factors (p > 0.05). In the second cut it was observed it was observed effect of the interaction of the factors, where on the treatments without nitrogen fertilization, the smallest average was provided by the control, being 25%, 19% and 21% inferior to the seed inoculation, foliar application and the combination, respectively. The highest average for the treatments with nitrogen fertilization occurred in the control, however, only differing from the inoculation seed+foliar, which presented a reduction of 23% (Table 2) . Note. ns not significant by the F test at 5% probability; Means followed by the same lowercase letter in the column and upper case in the row do not differ from each other by the Tukey test at 5% probability.
Evaluating the number of tillers per plant, no significant effect of inoculation of A. brasilense and nitrogen fertilization was observed (p > 0.05). In the second cut it is observed effect of the factors interaction, being that in the treatments without nitrogen fertilization the different inoculation forms did not differ among each other, in the same way occurring for the factor with N, between the treatments smallest averages occurred for the seed inoculation and seed+foliar inoculation which had a decrease of 38% and 31% in relation to its respective treatment with N. In the third cut an interaction of the factors was observed, being that independent of inoculation, plants that did not receive mineral N had lower averages, with an average increase of 60% in the number of tillers for the plants with nitrogen fertilization (p > 0.05) ( Table 2) .
Inoculation with A. brasilense favors physiological parameters in plants, increasing the leaves chlorophyll content, stomatal conductance, hydric potential, water content, elasticity, increasing production and height of inoculated plants (Barassi et al., 2008) . Thus, the increases in plant height with inoculation in the absence of N, are due to the benefits provided by the A. brasilense that favors the plant development (Pedraza, 2008) due to the higher absorption of water and nutrients from the soil (Neto et al., 2013) .
The increase in the number of tillers of plants fertilized with nitrogen is associated to the fundamental role that this nutrient has on plants, as the main constituent of proteins that act in the synthesis of organic compounds which constitute the plant structure, such as the tillers (Costa, Paulino, & Magalhães, 2006) . Therefore, it is shown that the deficit of N on B. decumbens is associated to the drastic reduction in the number of tillers (Silva et al., 2009) .
Similar results to the present study are highlighted by Alexandrino et al. (2005) , that, after evaluating the development of B. brizantha cv. Marandu submitted to cuts and nitrogen fertilization, report a difference in the crop tillering, being the smallest tillering observed in the third cut, as in the present study.
Considering the positive results of the nitrogen fertilization in relation to the plant's height and number of tillers in the second cut (Table 2) , these are linked to nitrogen development functions on plants, as component of the structure of molecules and enzymes responsible for the plant vegetative development (Marchner, 1995) . Besides, the nitrogen exercises a direct influence in the photosynthesis, consequently in the photoassimilates production, influencing the growth rates of roots and leaves, being the plant growth the most evident effect of the addition of this nutrient (Andrade, 1996) .
When the culm+sheath dry mass and leaves dry mass are analyzed, it is observed that there was no significant effect of the interaction between the factors studied in the first and third cuts (p > 0.05), still in these cuts it was observed an isolated effect for the nitrogen fertilization where in the first cut the fertilized plants promoted averages that were 27.65% and 12% higher for the leaves dry mass and culm+sheath dry mass, respectively. In the third cut it was observed that plants fertilized with N promoted averages that were 14.25% and 46.18% higher for the leaves dry mass and culm+sheath dry mass, respectively (Table 3) . Note. ns not significant by the F test at 5% probability; Means followed by the same lowercase letter in the column and upper case in the row do not differ from each other by the Tukey test at 5% probability.
In the second cut, for both parameters leaves dry mass and culm+sheath dry mass, no differences were observed in the treatments with or without N. In the leaves dry mass, for the factor's interaction, it was evidenced that plants fertilized with nitrogen promoted higher averages, independent the treatment applied, with average increase of 42% in the leaves dry mass of Urochloa ruziziensis. For the culm+sheath dry mass in the factors interaction it was observed that the supply of N increased the control average and the seed inoculation with A. brasilense average (Table 3) .
The increases in dry mass, due to the supply of nitrogen fertilization, occurred because of the functions performed by the element in plants, where it acts in the foliar expansion, favoring the interception of the photosynthetically active radiation, acting directly on the photosynthesis of the plants culminating with an increase in the dry leaf biomass production (Andrade, 1996) . Thos way the nitrogen fertilization influences the plant growth, accelerating the formation of new leaves and improving the vigor of regrowth after the cuts (Cecato et al., 1996) .
In this sense is demonstrated that the nitrogen fertilization increased the leaves dry mass of "marandu" grass (Silva et al., 2013) . In plants of "braquiaria", Alcantara (2018), showed that the supply of nitrogen right after the cuts promotes increases in the leaves dry mass. Lastly, Benett et al. (2008) , in study with doses of nitrogen in B. brizantha cv Marandu, verified that increasing doses of up to 200 kg ha -1 resulted in increases in the dry mass production.
When considering the supply caused by the plant growth promotion bacteria A. brasilense, it is observed that the results of the present study are inconclusive in relation to the capacity to raise the dry mass of plants. These results may have occurred by the cultivation condition, which was in pots, where the increases in the root system are limited by its exploration area, as that no hydric limitation occurred, condition where the use of A. brasilense brings increases to tropical pastures (Bulegon, Inagaki, Moratelli, Costa, & Guimarães, 2017) . It is worth mentioning that the absence of conclusive results in the present study, provided by the inoculation with A. brasilense, may be associated with the genetic characteristics of the used material, where the study was conducted beyond the intervals between inoculation and evaluation (Alcântara, 2018) .
Thus, results that corroborate with the present study with A. brasilense are reported by Mumbach (2017) , who verified that on grasses inoculated with A. brasilense without N supply, no changes on the leaves dry mass were observed. However, when there was an association of 50% of the N dose with inoculation with A. brasilense, increases in the dry mass are observed when compared to the fertilization with 100% of the dose.
Even though in the present study no positive results were evidenced by the use of inoculation with A. brasilense in grass forages, according to the literature positive results can be found. Thus, Oliveira, Oliveira, & Baroni (2007) , studying B. brizantha cv. Marandu, observed that plants inoculated with A. brasilense and without N supply, produced higher leaves dry mass in relation to the control. Magalhães et al. (2011) , found that the inoculation of forage plants from the genus Panicum with A. brasilense promoted increases in the pasture total dry mass, with similar averages to the treatments which received nitrogen fertilization, concluding that this technique can be used as a tool do dismiss, partially, the use of a chemical nitrogen source.
For the crude protein content in the first cut there was no significant variation between treatments in the absence of nitrogen fertilization (Table 4 ). When observing the treatments with nitrogen fertilization the seed inoculation with A. brasilense promoted higher average, surpassing in 7.73% the control. When the factors with and without N are evaluated, the presence of N promoted a superior average for all treatments, being obtained an increase of 23.6% in average values.
In the second cut, in the absence of nitrogen, the highest average was obtained in the control and in the seed + foliar inoculation. The treatments that received nitrogen, the smallest average was obtained in the control, with reduction of 16.8% in relation to the seed inoculation. In the third cut, in the absence of N, the highest average was obtained in the treatment with seed+foliar inoculation, surpassing in 11.46% the control, in the presence of N, the smallest average was obtained in the control. When it is observed the treatments with and without N, except for the ones with foliar application of A. brasilense, the highest averages were obtained in the presence of nitrogen (Table 4) .
Thus, the use of nitrogen fertilization helps in the increase on the crude protein content. The present results corroborate with the ones obtained in B. brizantha cv. "Marandu" submitted to nitrogen fertilization where the crude protein content increased (Martins, 2015) . Benett et al. (2008) , also observed that the supply of nitrogen increased the crude protein in the first and third cut, where the control presented an average of 10.65% and the treatments with nitrogen presented 17.67% of crude protein, corroborating with the results of this study.
For high quality pastures, high crude protein contents are required, so the animal's protein demand is fulfilled, once that contents inferior to 7% limit the dry mass digestibility, compromising the animal's nutrition (Van Soest, 1994) . In this sense, the nitrogen fertilization helps to increase the protein content in "braquiaria" (Epstein & Bloom, 2005) . However, in the present study, only for the first cut the required parameters for proteins were reached, being that in the second and third cut these values were next to the required. Note. ns not significant by the F test at 5% probability; Means followed by the same lowercase letter in the column and upper case in the row do not differ from each other by the Tukey test at 5% probability.
The absence of responses to A. brasilense is due to a current condition, the fact that it is a plant growth promoting bacterium and not a nitrogen fixing bacterium as the first studies. It is emphasized that it fixes nitrogen, but it does not have the capacity to supply significant amounts of plants to the point of increasing the leaf nitrogen concentration and consequently the crude protein content. Thus, Kappes et al. (2013) , mention that, there is a concordance in the literature that the advantages of the association of plants with Azospirillum spp. are more related to the plant growth promotion, mainly the root system, than to the nitrogen biological fixation.
For the neutral detergent fiber (Table 5 ), in the first cut, the treatments in the absence of N presented distinct behaviors with the smallest average obtained in the seed inoculation with A. brasilense but without differing from the foliar application of A. brasilense. In the factor's interaction, the control and the foliar application of A. brasilense exhibited smallest averages in the presence of N. In the second cut, when treatments were kept without nitrogen, higher averages were observed in the control and in the seed + foliar application of A. brasilense. In the factor's interaction, the treatments seed inoculation and foliar application of A. brasilense showed variations, with higher averages being observed when they received nitrogen (Table 5 ).
In the third cut without nitrogen the highest average occurred in the seed inoculation with A. brasilense, however, without differing from the seed + foliar inoculation. In the factor's interaction, it is observed that only the seed inoculation with A. brasilense showed variations, being the highest average obtained in the absence of nitrogen. When treatments received nitrogen, they did not differ among themselves in none of the evaluated cuts.
For the parameter acid detergent fiber in the first cut no differences were observed for the treatments without nitrogen fertilization, when they were fertilized with N the highest average was obtained with the application of A. brasilense via seed + foliar, which did not differ from the foliar application with A. brasilense. Considering the treatments, except for the seed + foliar application of A. brasilense, the other treatments provided superior averages in the presence of nitrogen fertilization. In the second cut no differences were observed for the studied factors (Table 5 ).
In the third cut, in the treatments without N, the smallest average was obtained in the control, however, differing only from the seed inoculation with A. brasilense, with a reduction of 14.88%. In the treatments with nitrogen fertilization the smallest average was obtained with the seed inoculation with A. brasilense, however, differing only from the control, being that only for this treatment it was observed differences between plants with or without nitrogen, with highest average for plants without nitrogen fertilization.
The fiber content evaluation in forages is fundamental for the evaluation of the forage's nutritional quality. According to Aguiar (1999) , contents above 65% of NDF in the regrowth are considered as a critical level, where plants with NDF contents on these standards present a low nutritive value. In the present study, the seed inoculation or foliar inoculation with A. brasilense reduced the NDF below the critical levels in the second and third cut, considered the ones with the lowest bromatological quality of the forage. Costa, Oliveira, and Faquin (2009) , mention that plants with low percentage of acid detergent fiber (ADF) have better digestibility of the dry mass, once the ADF is correlated to the food digestibility, because the indigestible fiber is in it. Note. ns not significant by the F test at 5% probability; Means followed by the same lowercase letter in the column and upper case in the row do not differ from each other by the Tukey test at 5% probability.
It is worth mentioning that raises in NDF and ADF is associated to the drops in the protein content which were found, thus, plants with lower protein content have higher fiber contents, culminating in a low nutritive value (Patês et al., 2008) . The nitrogen fertilization also raises the crude protein content in the dry mass, being the proteins synthetized from the carbohydrates, this way, the increases in the nitrogen compounds and proteins end up diluting the cell wall fraction, reducing the NDF and ADF (Van Soest, 1994) . Thus, in study evaluating nitrogen sources in the crop of B. brizantha cv. "Xaraés", Santini (2014) , verified that the supply of nitrogen reduced the ADF.
Considering the above, the use of nitrogen fertilization in U. ruziziensis crop raises the biometric and bromatological parameters, however, the use of the plant growth promoting bacterium A. brasilense does not interfere in the productive characteristics except for the height of plants. When considering cultivated plants without nitrogen fertilization the seed inoculation with A. brasilense raises the bromatological characteristics of the plants, in relation to the other treatments studied, however, it does not replace the use of nitrogen fertilization in the totality, because when inoculated the seeds and provided mineral nitrogen, the plants had better bromatological characteristics, thus allowing new studies when considering this technique of supply of A. brasilense under forage grass conditions.
Conclusion
The use of inoculation with Azospirillum brasilense regardless of the period, whether via seed, foliar or foliar + seed, presents inconclusive results for biometric and bromatological characteristics of plants of Urochloa ruziziensis in need of further studies.
The use of nitrogen fertilization increases the biometric and bromatological characteristics of plants of Urochloa ruziziensis.
